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We, Babcogk & Wilcox Limited, a 
British Company, of Babcock House, Farring- 
don Stmt, London* E.C4, do hereby declare 
die invention, (Canmnmicated by Deutsche 
Babcogk & wilcox Dampfkbssklwkekb 
A/G, a German Company, of Obsrhausen, 
Rhin eland, Geuiiauy), for which to pray that 
a patent may be granted tp us, and the method 
by which it is to be performed to be particu- 
larly described it and by the rcBowing state- 
ment:-— 

The present iuveutiuu relates to a process 
of and tool for expanding tube ends, epplic- 
able for example to the attachment of water 
tabes to the steam and water drum of a water 
tube baler. 

It is common practice to secure the ends 
of water tubes to * boiler drum by fitting 
each tube end within a tribe hole in tie drum 
and then emending plastically the tube end 
withk the tube hole, so tjiat i; remains firmly 
in contact with the wafi of the hole to provide 
a fluid-tight faint. In order to improve the 
rpfliHltinne tp tfae tendency of the tube, when 
the bofiex is hi use, to paU out of the drum, 
-the part of the tube projecting into the drtan 
is often celled out. 

Several different methods of obtaining the 
desired expansion have been used. According 
to one method* a tool Is used which includes 
a conical mandrel about which are spaced 
three corresponding tapered rollers, the tool 
being inserted in the tube end to be expanded 
with the axis of tie mandrel co-axial with the 
tube end and the mandrel being fed Into the 
tube fodepegfentay of the rotes go that the 
roQers are displaced outwardly into contact 
.with the inner surface of the tube; The man* 
drd is then continuously rotated and the rol- 
lers are forced outwardly Id expand the tube 
end and at the same tune roll progressively 
round and into the tube. It has been found 
that with this method of expanding there is a 



twees the tube wall and the wdi of the tube 
hole. 'Furthermore, the structure of the tube 
metal is a ffrrrrrlj the metal becoming hardened 
by the alternating load. 

According to a second rather similar 
method^ the tube is expanded by a tool having 
a tapered mandrel and roSem in which the 
mandrel and the xo&ers rotate and move out- 
warrfly towards the end of the tube during. 
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tendency for each point of the tube wall, after 
each passage of a rotter has caused an expan- 
sion, to spring bade elastjcaBy and thereby 
considerably reduce the contact pressure be- 
JJhrUx 3s.6L] 



A oox dhig Xq a third method, a mandrel 
with a working surface having a ^wwf^ 
slightly greater than jjbe inside dianefierrf the 
tube is driven into the tube end, so eroanding. 
the tube as it moves into it This memod has 
certain practical dhTinrities when applied nx 
long thin tubes, which tend to buclae^andi 
the removal of the mandrel from jrhc tor*! 
after the expanding operation often grvesjBa£ 
trouble. j-7~~-- 
An object of the present mventio^-ig^the 
provision of an improved ™f^M "ffi'^ffi^ ffiffV 
far cxpaTtfHng tube ends. 

The invention includes the process fe^fei 
securing of a tube end within a tube SCl' 
a tube plate, which comprises exrwrafing a 
part of the tube into ferioVtl ght, ountattlftilii 
the waB of the tube hole by the fotdoW 
puMing-out of a tube **rmtUr*a 
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enough the said part of tie tube end and 
simultaneously as a cons 



out efiectmg belling of toe mouth of the free 
end of the tube into contact with the face 80 
tfttetnbejfoLte. 

Hie indention also factories a tube end ex- 
panding tool suhabJe for the expanding of a 
tube end within a tube hole in a tube plate 
in which withdrawal mews are provided for 85 
the rordbje puffing-out from inane the tube 
end of tube expanding means adapted during 
withdrawal to expand the part of the tube 
within the tube hole, and the withdrawal 
means are arranged during withd r awal to 90 
operate belling means which effect belting of 
the free end or the tube. 

tie hwention win now be descrfted, by 
way of example, with reference to the acccm- 
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ponying partly diagrammatic drawings, in 
which: — 

Figure 1 is a sectional aide elevation of die 
forward end only of a tool for expanding and 
5 betting tube ends arranged to operate on a 
tube end that extends through a tube pfate; 
and 

Figure 2 is a -view simiar to Figure 1 but 
with the w * irking parts in a dffi^rcfen* cperat- 
10 mg position. 

In (he drawings, a tube 1 extends through 
a tribe hole 2 in a tribe plate 3- with i£s inner 
end 4 projecting beyond the inner lace 5 of 
die tube plate to a ^f^ gnn y equal to about 
15 twice the wail thickness of the tube. Thetnol, 
indicated generally by 10, Includes a forward 
body part 11 teminathig in a bearing surface 
12 which, when the machine is in use, is held 
firmly against die part of tube plate faiwy 
20 face 5 which surrounds the tube end 4. A 
mandrel 14 mounted in die body part 11 ex- 
tends axiagy beyond die bearing surface 12 
and at the commencement of die expanding 
operation lies in the initial position shown 
25 in Figure 1 in which it extends into the tube 
1 co a point beyond die tube jtoje 3. At its 
inward or forward end die mandrel 14 is 
formed with an enlargement or head 15 ad- 
Joining a part 16 that tapers rearwardly to a 
ft crfmdricsl part 17 beyond which a part 18 
. _ of the mandrel is scxew^threaded into an 
operating rod 19 which is coupled to the pis- 
. rtun of an nydranuc power device (not ahoro). 
•i,rAjr^siB>- of lour complementary ^Kft a hilftig 
35 members 21 ate sUdably mounted on the 
i papered mandrel part 16 and mar oe moved 
^inajfcAedafigned position shown m Figure 2, 
■•■ ii^hichi flngned parts thereof form a com- . 
_~r^4ete ringtfke tube CTpmwftng surface 22, to 
4G-^3LJB8ggered position shown, m Figure 1 in 

w hjrfuo ne apposed pair of the members 21 

is-offs et rearwanfiy of the other pair ao that 
-^kejpversH radius of each member is reduced. 

_ The four members 21 axe held together and 
45 to tSe mandrel by a hefical spring 24 that 
encircles part-cyiindrical sections 25 of the 
four inembcrs. 

SHdably inonnted on the cylindrical part 
17 of die mandrel is a movable stop 30 hi 
50 the form of a tube length having a cv&drJcsi 
rearward portion 31 which is a agdmgnt on 
the mandrel part 17 and a flared forward 
part 32 of such diHinrtrr at its forward end 
that it engage* die two reannost expanding 
55 members 21 when they are at die rearward 
end of the tapered part 16 of die roandreL 
Secured to ihe rearward end of die portion 
31 is a boss 3* formed with a cfaaanferen- 
dally extending radial shoulder 34 that faces 
60 zearwardry of the mandreL Mounted on die 
booV part 11 are catch means in die farm 
of four plungers such as the nhmgers 36 ao 
arranged as to be sHdahife radially and being 
biassed iowardiy by ^ springs such a s 
65 springs 37* These plungers are wrrangrd 



to engage die boss 33 and are ao 
shaped at their mward ends that they 
restrain rearward movement of the shoulder 
34 past die plungers only uutft the axial force 
on die stop 30 exceeds some predetermined 70 
value. 

Also mounted on the body part 11 is a 
circular row of eight tube end belling ele- 
ments 40 so guided in the body part 11 as 
to be capable of radial movement only and 75 
biassed by springs such as springs 41 inwardly 
into engagement whh the stop 30. The inner 
side of each element 40 is provided with an 
inclined surface 42 complementary to the 
flared forward part 32 of the stop 30 so that SO 
as the part 32 moves re arwa r dly past the ele- 
ments 40 they are moved outwards in a radial 
direction. Each element 40 is fanned with a 
forwardjy extending tnngne 44 arranged to 
extend within t he tub e end 4 but of such 85 
length that its forward end is spaced from 
die tube plate face 5 by a distance somewhat 
greater man the thickness of the wall of the 
tubal. 

To carry one die expanding operation, the 90 
tool 10 is brought into position opposite the 
tube end to be expanded and the mandrel 
14 inserted into the tube to the position shown 
in FHgure 1, so that the bearing wirfniy 12 
engages the tube plate fact 5, die stop 30 95 
being set with its shoulder 34 foxwardly of — 
the plungers 36, die expanding members 21 
being towards the rearward end of the tapered 
part 16 of die mandrel 14 and the rearmost 
pair of the members 21 being in contact with 100 
the forward end of die stop .30, 

The mandrel 14 ia now drawn rearwardly 
through the tool body , part 11 by operation 
of the hydraulic power device so that the ex- 
panding members 21, which are held against 105 
axial movement with the mandrel 14 by die 
stop 30 3 are caused to move outwardly into 
contact with and to expand the part of tube 
1 winch lies immediately outside die tube 
plate 3. As tins takes place due forward pair 110 
if the members 21 move slightly rearwardly 
int x^ affiR F^^ fwy^ with ftfco fft h^r pair of the mem~ 
bers21. 

Once the head 15 of die mandrel 14 comes 
into contact with die exp an d in g members 21 115 
force is transmitted directly from the mandrel 
to die stop, which is caused to move in a rear- 
ward direction so that the plungers 36 of the 
catch means ride over the shoulder 34. The 
expanding members 21 and the stop 30 move 120 
rearwardly with the mandreL tJbe members 21. 
effecting progressive expanding of the part of - 
the tube 1 widen Bes within the tube plate 3. . 

As the members 21 approach the inner face 
5 of the tube plate 3 die dared part 32 of 125 
die stop member 30 engages the inclined sur- 
faces 42 upon the eight belling dements 40 
and causes those elements to move outwardly 
radially so that their tongues 44 engage and 
befl outwardly tjhe projecting inner end 4 of 130 
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jtfae tube 1. This beBang operation ends when 
tiie tube expanding surface 22 comes into con- 
tact with the forward part of the surfaces 42, 
whereupon rearward rn<wemeirt of the mandrel 
ttktive tD the tool 10 is positively checked. 

lie tool 10 is now removed from ifae 
finish ed tube, the mandrel returned to its for- 
ward position, the tube expandmg elements 
21 slid along the tapered part 16 to chefr 
rearward poaitioos, and the stop 30 restored 
to its forward position* The tool may the n 
be applied to the next tribe up be expanded 

The machine described Is adapted to act 

yat a preselected size of tribe, the diameter 
the expanding surface 22 being appro- 
priately related to the internal diameter of the 
tnrjel If desired the head 15 of the mandrel 
maybcmade^fwnabfe 
14; it then serves as a stop edited by totting 
movement of the expanding members ittw 
of the tapered part of the mandrel to deter- 
™°^tihe effective diameter of the expanding 
member* during the expanding cmeranos), and 
the posttfam of the snap being adjustable per- 
mits vamtion erf that effect^ 
the head 1 5 is aadafiy adjustable, ft as advan- 
tageous to adopt a rAtraWing shaped, over- 
topping design for the expands mernters. 
Whatwedaimfe:— 

1. Process for the securing of s end 
withrn a tribe hote la the tribe plate, which 
c^rprises expanding a part of the tube into 
fluhHwot contact with the waH of the tube 
hob by the forcible pnSingHmt of a tribe ex- 
panding member tfiragh the said part of 
the tube and sfanfarouriy as a consequence 
dtepmvfat effecting beffing of the 
mouth of the free end of the tnbe into con- 
tact with the face of the tribe plate. 

2. A tube end expanding tool suitable for 
the expanding cf a tube end within a tnbe 
hofe in a tnteytoe, wherein withdrawal means 
arejacvided for the forribie puffinp^out from 
faride t he tube end of tube expanding rneans 
adapted during withdrawal to expand the part 
of the tribe within the tube hole, and the 
withdrawal means are dmfeg wirh- 
drawal to operate beiing means which effect 
beffing rf the free end of the tube. 

^3. A tool as da&ned in Oarrn 2, wherein 
tfce beBing means cornprise a circular row of 



tube end engaging dements which are 
amnged to move radially cmtwaxdiy upon 
widjdrawaA of the cute expanding means and 
so effect beUing of the^Teni 

4. A tool as daimed in Osart wherein 
trie tobe expanding means include a plurality 
of expanding members ftted about the peri- 
phery <rf a tapered part of the length of a 
mnndrei which is insettaHe axially into the 

be expanded and forms part of the 
Withdrawal means, stop means are arranged 
to he wMrb the tube to be expanded at a 
forward inmal position, catch means are 
arrarj^d to lestrain outward movement of the 
*t°P mean s from the initial position unless 
°? TOr< * ^ 0Ice on the stop means exceeds 
a predetermined vake, the stop means being 
arranged to restrain outward axial movement 
of the said members upon outward movement 
of the mandrel only cntR the force exerted 
exceeds the predetermined ?atae, and the tnbe 
end engagyg dements axe arranged for en- 
gagement by inclined surfaces on the stop 
meana^wherehy upon the numdrei inoving the 
^^^n^^gmeana and thus the stop means in 
an oocward di re cti o n through an appropriate 
distance a part of the tnbe that extendi beyond 
the tube plate is engaged and belled out by 
the belling ineana 

5. A tooi as daimed in Oaim 4, wherdn 
the- expanding members ere held in dose con- 
tact with {he tapered part of the mandrel by 

a r.? I * J Hn wrrftrfog dpTHlg. 

6„ A tool as dasned in Oaim. 4 or Cfefm 
5, wherein a efiro provided on the mandrd is 
adapted by Hairing movement of the ex paaoV 
ing members axJafiy of the tapered pact of 
the m andrel to determine the effective dia- 
n^eteT iof the expanding rnernbers during the 
expanding operation, and the position of the 
stop h a dj ustable to permit "variation of that 
effective diameter. 

7. A tube end ^T^^ng tool arranged and 
adapted to operate substantia^ ea described 
hereinbefore wilh reference to, and constructed 
substantially as shown in, the accompanying 
drawings* 

For the Applicant* 

A- CL HHCT^ 
Chartered Patent Agent 
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LeannngtaB^ ; Printed for Her Majeety'B Stationary Offioo, by the Ocrarier Press.— 1957. 
PuMhOud at tta Patent Office, 25, Soutbuapt»a Building London, W.O.2, from whfcb 

copies may bo obtained. 
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